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study intends to examine energy use, energy efficiency and COz emissions using data envelopment 
analysis (DEA) and panel data techniques. DEA is applied to assess energy efficiency within a 
production framework. Panel data techniques are used to determine which variables influence energy 
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Secs industries CO, emissions in the period 1993-2008. The results from the DEA show significant variation in energy 
Soa eran analysis efficiency across service industries. The results also indicate that this sector has increased technical 
Panel data model efficiency and energy efficiency while decreasing CO, emissions, especially in the later years of our 

sample period. The results of panel data techniques show that higher energy taxes, electricity 
consumption, investments and labour productivity generate higher energy efficiency, while higher 
fossil fuel consumption leads to lower energy efficiency. All findings of this study are important for 
developing effective energy policies that encourage better energy use and energy management in the 
service industries. 
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1. Introduction 


Recently, the service industries have emerged as a key source 
of employment and economic growth. It has also proven impor- 
tant in the expansion of international commercial trade and 
foreign direct investment that strengthen export and import 
alternatives. This expansion has generated increases in economic 
growth, greater efficiency in the use of resources, innovation and 
more possibilities to increase welfare of population. Moreover, 
this sector has become one of the factors used to measure an 
economy’s progress, its development, its quality and its perspec- 
tives [13,36,62]. 

The service sector represents 63.2% of GDP and 41.9% of labour 
forces worldwide, whereas sectoral global energy consumption 
and CO, emissions are 9% and 12%, respectively [32,8]. However, 
as the economy has trended away from industry to services, 
especially in developed countries, there has been a 69% increase 
in energy consumption in this sector between 1974 and 2009. 
More than half of the consumption comes from electricity, which 
has shown the fastest growth in the last 35 years, rising from 15% 
to 23% [31,32],[8]. 

Despite these trends, the service sector has been neglected in 
energy analysis and the application of energy policies and 
programmes. Some reasons for this neglect may be the hetero- 
geneity of this segment of the economy, the complexity of the 
necessary statistical valuation that varies among countries lim- 
ited detailed and disaggregate information and the sector’s lack of 
energy intensity relative to manufacturing. For instance, in the 
European Union, the service sector needs around of 1/8 of the 
energy required by the manufacturing industries to generate one 
unit of gross production [58,31]. 

Studies on energy patterns in the service sector have focused 
mainly on three broad topics. First, many provide a description 
of energy use applying different approaches. For example, Schip- 
per et al. [52] analysed energy consumption in the service 
industries of OECD countries and demonstrated that the differ- 
ences in energy consumption in this sector among countries 
were mainly due to differing energy sources, building types 
and vintage. Further, they found that electricity was the energy 
source with the largest increase. Gowdy and Miller [22] described 
energy use in the U.S. service sector with an input-output 
analysis identifying increases in electricity consumption. Mairet 
and Decellas [41] studied the trends in the energy consumption 
of the French service sector using decomposition analysis; they 
suggested that the increase in energy consumption has been led 
mainly by the economic growth in this sector. Schloman et al. [55] 
examined and evaluated energy consumption in the German 
service industries through primary data finding different practices 
and features in every service sector. 

A second area is the direct analysis of energy sources, espe- 
cially electricity. Krackeler et al. [37] analysed the role of 
electricity in the generation of CO2 emissions in OECD service 
sectors applying a Laspeyres index. The findings indicated that 
both carbon dioxide emissions from the service sector and 
electricity also increased as a proportion of final energy use. 
Collard et al. [11] analysed the effect of the use of information and 
communication technologies on electricity intensity in the French 
service sector using a factor demand model. They found that 
electricity intensity increased because of the use of computers 
and software. 

A final broad topic addresses the barriers to adopting energy 
efficiency in the service industries. Schleich and Gruber [54] and 
Schleich [53], in the German context, determined that the limited 
information about energy use patterns and energy efficiency 
measures are the most important barriers to improving energy 
efficiency in service industries. 


Given this background and accounting for the fact that energy 
consumption grew most quickly in the service sector by a rapid 
expansion of this activity in the economy, further investigation of 
energy trends in service industries is needed, particularly as these 
trends imply an increase in the stock of buildings, a growth in the 
information and technology economies and an increase in labour 
used by this sector. This research should aim to determine 
opportunities and design adequate and effective energy policy 
to strengthen and motivate higher energy efficiency and lower 
CO» emissions in this sector. The objective of this study is to 
contribute to the analysis of energy use in service industries using 
different econometric approaches. It will also define the main 
variables that determine these trends using the Swedish service 
sector for the period 1993-2008 as a case study. 

In this study, energy efficiency is analysed with traditional 
indicators such as energy intensity and carbon dioxide emission 
intensity. Here, we will use data envelopment analysis (DEA) to 
assess energy efficiency within a production theory framework in 
which energy is one of the many inputs used to produce desirable or 
undesirable outputs [43,69]. This methodology has been applied in 
several energy studies with different approaches. For instance, Hu 
and Kao [28] analysed the energy-saving target for economies of the 
Asia-Pacific Economic Cooperation. Pardo [70] studied energy effi- 
ciency in German and Colombian non-energy-intensive sectors. 
Ramanathan [49], Zhou and Ang [69] and Oggioni et al. [46] have 
applied DEA to analyse energy as an input generating both desirable 
outputs (goods) and undesirable outputs (CO, emissions). Azadeh 
et al. [1] and Pardo [47] used DEA to assess and analyse energy 
efficiency in energy-intensive sectors. Finally, Boyd and Pang [5] 
studied the linkage between energy efficiency and productivity. 

In Sweden, DEA has been applied to determine productivity 
growth in retail electricity distribution [26], analyse productivity 
development in hospitals [18], measure technical efficiency in 
urban bus systems [51], study economic efficiency in dairy farms 
[34] and model and compute productivity in public schools [19]. 

The main contribution of this study is the application of DEA to 
analyse energy efficiency performance in service industries, which 
have been little-studied in research on energy use. The results and 
trends in energy efficiency are then explained through second-stage 
regressions in terms of several key characteristics, using panel data 
analysis where studies are limited in the context of DEA and energy. 

The following section reviews the economic and energy-use 
attributes of the Swedish service industries. Section 3 describes 
the methodology and the data used in this analysis. Section 4 
presents and discusses the results. The conclusions are sum- 
marised in Section 5. 


2. Service industries: Trends and perspectives in Sweden 


The service sector has become more important for economic 
development and growth, as the service share of the economy has 
increased rapidly. In Sweden, the trends of the industrial sector 
demonstrate a transformation from traditional manufacturing 
industries to a knowledge-based service industry. This new indus- 
trial composition is characterised by products and services with a 
greater knowledge content, greater productivity and higher value 
added ([65]; Edquist [15]). 

In Sweden, service industries! accounted for approximately 
12% of the industrial energy consumption and 13% of the total 
industrial CO2 emissions in the year 2008. In the same year, this 
sector accounted in Sweden for approximately 66% of the indus- 
trial employment, 52% of the industrial gross production and 64% 


1 These statistics not include transport activities and electricity, gas and water 
supply. 


CI. Pardo Martinez, S. Silveira / Renewable and Sustainable Energy Reviews 16 (2012) 5285-5294 


700000 + 


600000 


500000 


400000 


300000 


Energy consumption (TJ) 


200000 


100000 


Total industry 


Fig. 1. Comparison of energy consumption by the Swedish service industries, 2008. 
Source: SCB (Statistics Sweden). 
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Fig. 2. Activity indicators for the Swedish service industries. 
Source: SCB (Statistics Sweden). 


of the industrial value added and consisted of 500,000 
companies [61]. In terms of costs, energy is approximately 
1.19% of the total production costs; additionally, the service 
sector contributes an average of 75% of the electricity tax and 
44% of the fuel taxes paid by the total Swedish industrial sector 
[59,61]. Fig. 1 depicts energy consumption of the service indus- 
tries compared to the total Swedish industries and its distribution 
by service sub-sector. 

With the tertiarisation of the economy in Sweden, economic 
growth has increased more quickly in service industries, at an 
average of 3.5% per year from 1993 to 2008 [61]. Fig. 2 shows the 
trends in activity and energy indicators in the service industries in 
this period. Production value, value added and employment 
increased by 68%, 67% and 37%, respectively, while energy, 
electricity consumption and CO, emissions increased by 27%, 
15% and 17%, respectively [61]. In absolute terms, service indus- 
tries have driven the increase in total energy consumption for the 
whole Swedish industrial sector. In manufacturing industries, 
especially the energy-intensive sectors, strong reductions in 
energy intensity and CO, emission intensity have offset the effect 


T r r r r r r T r T r r r r 
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 


of growth; therefore, the net increase on energy consumption by 
this sector has been insignificant? [50]. 


3. Methodology issues and data 


In this section, we present an explanation of the methodology 
and data used to study energy use and CO, emissions in Swedish 
service industries. This analysis is divided in three stages: 
(i) energy use and CO2 emissions are assed with traditional 
indicators (energy intensity and CO, emission intensity); (ii) data 
envelopment analysis is applied to determine relative efficiencies 
in the energy use, and two models are proposed; and 
(iii) Regression analysis is applied using panel data techniques 
to determine factors that could affect the trends in energy 
efficiency in Swedish services industries. 


2 The Swedish manufacturing industry decreased its energy consumption by 
1.5%, whereas the service industry increased its energy consumption by 27% in the 
same period 1993-2008 [61]. 
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3.1. Energy use and CO2 emissions 


First, it examines the traditional indicators of energy efficiency 
and CO2 emissions by computing the energy intensities and CO2 
emission intensities (energy consumption or CO, emissions per 
unit of value added and energy consumption or CO2 emissions per 
employee). Changes in energy and CO, emission intensities can be 
used as indicators of change in energy efficiency or results of COz 
emissions [48,30,38]. 


3.2. Data envelopment analysis for measuring energy efficiency and 
CO» emissions performance 


DEA is a nonparametric method for assessing the efficiency of 
n decision making units (DMUs) that consume various inputs to 
produce different outputs. This technique was proposed by [9]. 
The fundamental feature of DEA is that the technical efficiency 
score of each DMU depends on the performance of the sample of 
which it is a part. This means that DEA produces relative, rather 
than absolute, measures of technical efficiency for each DMU 
under consideration. DEA evaluates a DMU as technically efficient 
if it has the best ratio of any output to any input; this shows the 
significance of the outputs/inputs taken under consideration [23]. 

DEA considers that a service industry producing a vector of n 
outputs y from a vector of n inputs x=(Xj, X2,..., Xn). Let the vector 
y; represent the output package and the vector x; represent the 
input package of the ith DMU, i=1,...,m. Suppose that input- 
output data are observed for m DMUs. Then, the technology set 
can be completely characterised by the production possibility set 
S={(x, y): y can be produced from x} based on a few regularity 
assumptions of feasibility for all observed input-output combina- 
tions’, free disposability with respect to inputs and outputs’, and 
convexity . If, in addition, a constant return to scale is assumed, 
then this implies that all radial expansions, as well as (non- 
negative) contractions of the feasible input-output combinations, 
are also considered feasible. In this two DEA models are applied. 


3.2.1. DEA model (1) 

Following Mukherjee [43], this model measures the input- 
oriented technical efficiency that is defined as the ratio of the 
optimal (i.e., minimum) input package to the actual input package 
of a DMU for a given level of output, holding input proportions 
constant (technical efficiency). The CCR DEA model for measuring 
the input-oriented technical efficiency of a DMU with the input- 
output package (Xo, Yo) is represented as follows: 


subject to 
n 
5 XjiŽi < Oxi = Capital, Labour, materials, endergy) (A2) 
i= 
n 
>= Yii = Yo(output) (A3) 


i=1 


3 All observed input-output combinations are feasible. 

4 Free disposability means what if we can produce a certain output with a 
given combination of inputs, then with those inputs, we can always produce 
strictly less; e.g., we can produce the original amount we had before and then 
throw away the excess at no additional cost or without using any more inputs 
[56]. 

3 Convexity implies that if there is a production activity y that produces a 
certain amount of output z using capital and labour in particular amounts and 
another activity w that produces the same quantity using different amounts of 
these inputs, then we can always produce z by mixing these activities and using y, 
a fraction 1 of the time and w a fraction (1—4) of the time [56]. 


4,>0,i=1,2,...,n (A4) 


where 0 is the total imputs, n is the number of DMUs, xj; is the 
amount of input j of DMUn, y; is the amount of output of DMUn, 
A; is the non-negative multipliers that define the target opera- 
tion x point as a; linear combination of the sample observations. 

The objective of this model is to reduce all inputs to the largest 
extent possible by the same proportion to accommodate any 
potential complementarily between energy and other inputs. 
Moreover, the inequality (1c) ensures that the resultant output 
is no lower than what is actually being produced. An efficient 
DMU will have 0*=1, implying that no equi-proportionate reduc- 
tion in inputs is possible, whereas an inefficient DMU will have 
0* <1 In this model, each service industry requires energy and 
other inputs (labour, capital and materials) to produce desirable 
outputs. 


3.2.2. DEA model (2) 

A common feature of the first models is that energy consump- 
tion is an input within a production framework where energy and 
other non-energy inputs are used to produce good or desirable 
outputs. However, energy use also generates some undesirable 
outputs, e.g., CO emissions, as by-products of producing desir- 
able outputs. Model (2) evaluates energy efficiency performance 
within a joint production framework in which both desirable and 
undesirable outputs are considered simultaneously. Following 
Zhou and Ang [69] and Ramanathan [49], the model considers a 
production process in which desirable and undesirable outputs 
are jointly produced by energy input and non-energy inputs. 
Assume that x and y are, respectively, the vectors of energy and 
non-energy inputs and desirable and undesirable outputs. The 
model is as follows: 


o* = max ġ (B1) 


subject to 

n 
5 Xmj2j <Xmo(m = capital, labour, materials, and endergy) (B2) 
j=l 


n 
5 Ypj7i < PXpo(p = desirable output, and undesirable output) (B3) 
j=1 


j2 0,j=1,2,..„n (B4) 


@: = total ouputs 


Note that in this model the inputs and outputs are not 
specified in the traditional sense of DEA models because CO2 
emissions are an undesirable output. The literature suggests 
several methods to treat undesirable outputs in the context of 
DEA; e.g., the undesirable output may be analysed as an input 
because it has the characteristic of an input (less of it is prefer- 
able), but the interpretation of results is difficult [57]. The 
undesirable output can be assigned a negative sign, but many 
DEA models are not invariant with respect to adding different 
signs between inputs and outputs [39]. Finally, the reciprocal 
value of the undesirable output may be used to incorporate the 
feature that more desirable outputs are preferred ([49,69]). In this 
model, when the score is equal to one, the service sector is 
efficient, whereas scores below one represent lower efficiencies. 
This indicates that a service industry with a score equal to one 
produces more output and less CO, emissions given the energy 
and non-energy inputs consumed by a relatively lower amount of 
energy input. 

In order to determine whether the results from DEA models 
are an adequate approach for measuring energy efficiency and 
CO2 emissions, we apply the Wilcoxon rank-sum test as a 


CI. Pardo Martinez, S. Silveira / Renewable and Sustainable Energy Reviews 16 (2012) 5285-5294 5289 


nonparametric alternative to evaluate whether differences 
between the two groups are significant. This test is applied to 


. a2 ae a DEA 
determine whether empirical distributions of DEA scores F(é; __ ) 
and traditional indicators of energy efficiency and CO} emissions 


FE) are different. The hypothesis of this test is that the 
distribution of X-measurement in the sample A (energy intensity 
and CO, emission intensity) is the same as in the sample B (DEA 
scores) containing na and ng observations, respectively [12]. 


3.3. Determinants of energy efficiency applying econometric models 


To investigate the factors that might explain differences in 
efficiency levels across Swedish service industries during the 
sample period, panel data techniques are used. The literature 
has demonstrated that OLS may be sufficient, and it does provide 
consistent estimates for second-stage regression from results 
obtained with DEA models [27,3]. 

The scores obtained from DEA models and energy intensity 
(EEM) are defined as dependent variables in several panel data 
models that included various possible determinants of energy 
efficiency. The scores of DEA are log-transformed due to the 
skewness of DEA scores and to improve normality. The model 
performed in this study is as follows: 


EEMit = Xo +0 ETi p+ 02ESi¢ + Eit (C1) 


where EEMi; is the DEA score or energy intensity; ET; represents the 
energy taxes applied to Swedish service industry such as CO, fuel 
and electricity taxes in the period t for the service industry i; ES;; is a 
vector that contains energy sources as electricity and fossil fuels with 
the aim to analyse the effects of fuel substitution in the period t for 
the service industry i. The hypothesis that drives the analysis implies 
that higher energy taxes and electricity consumption, generate higher 
energy efficiency, whereas higher fossil fuel consumption decreases 
energy efficiency and increases CO, emissions. The application of 
panel data techniques implies the following stages: 


a. Selection of panel data model. 

To select the adequate panel model first, we apply the F test of 
the pooled OLS model against the fixed effects model [21]. In 
the case, that we reject the null hypothesis and select the fixed 
effects model. Next, we apply the Breusch and Pagan test of 
pooled OLS against the random effects model [4,2]. Finally, we 
employ the Hausman test of fixed effect against random 
effects [25]. 

b. Assessment of the consistency and robustness of estimations. 

To determine whether the estimation is consistent and robust, 
in each regression model we test for heteroscedasticity with 
the likelihood ratio (LR) test [44] and for serial autocorrelation 
using the Wooldridge test [21]. 

c. Applications of regressions to correct problems in the estimations. 
Maximum likelihood estimation (MLE) for random effects can 
be used to estimate a random effects model which allows 
corrections for autocorrelation and heteroscedasticity [35,6]. 


3.4, Dataset description 


A dataset with 20 Swedish service industries is collected from 
Swedish statics offices and International Standard Industrial 
Classification (ISIC Rev. 3.1)°. This study excludes the following 


6 The service industry in this study excludes (40) electricity, gas, steam and 
hot water supply, (41) the collection, purification and distribution of water and 
(60-63) transport activities. 


service industries: (40) electricity, gas, steam and hot water 
supply, (41) the collection, purification and distribution of water 
and (60-63) transport activities. In the application of the DEA 
models, four inputs are considered: capital, labour, materials and 
energy. The desirable output is represented as the production 
value of service production in each activity, deflated to 2005 euro 
values, while CO emissions were the undesirable output, mea- 
sured in metric tons of CO emissions’ . 

The inputs for all 20 Swedish service industries (DMUs in DEA) 
are as follows: the capital input is measured as a stock by taking 
the value of gross fixed value; labour is measured by the total the 
expenditures in wages and salaries in euros by service activity; 
energy is the final energy consumption by service activity 
measured in Terajoules (TJ); and materials is measured by 
expenditure on materials. All monetary variables are deflated to 
2005 euro values. 

The data sources for the Swedish service industries were as 
follows: the systems of environmental and economic accounts of 
Statistics Sweden, Eurostat and database of the Organisation for 
Economic Co-operation and Development (OECD) in the industry 
and services module. 


4. Results and discussion 


In this section, results on energy use and CO2 emissions 
derived from the methods in Section 3 are presented and 
discussed. First, traditional indicators for energy efficiency and 
CO, emissions are calculated. Second, energy efficiency and CO3 
emissions are analysed using DEA. Third, panel data analysis is 
applied to explain several determinants of trends in energy 
efficiency in Swedish service industries. 


4.1. Energy intensity and CO2 emission intensity 


Fig. 3 shows the trends of energy intensity and CO, emission 
intensity. The average energy intensity for service industries over 
the total sample period was 0.786 TJ/million€ and 9.12 TJ/100 
employees. CO2 emission intensity had an average for this sector 
of 28.53 t/million€ and 3.95 t/employee. In both indicators, con- 
struction (45), machinery and equipment rental (71) and sewage 
and refuse (90) were of the highest intensity, while financial 
activities (65)-(67) and research and development activities (72) 
were of the lowest intensity. All service sectors displayed 
decreased energy intensity and CO, emission intensity per euro 
production value during the sample period, but increased energy 
intensity per employee. These results may indicate the impor- 
tance of developing better habits and behaviour of employees to 
improve energy efficiency and decrease CO2 emissions. This might 
be in line with the “efficiency paradox” in energy consumption 
that suggests that a substantial amount of investment in energy 
efficiency is not spontaneously undertaken by actors due to the 
presence of strong energy-inefficient habits. Therefore behaviour, 
habits and preferences are important determinates in the 
improvement of energy efficiency, especially in labour-intense 
sectors such as service industries. Changes in work habits related 
to energy use and efficiency require time and resources to 
guarantee their adoption and maintenance over time [42]. 


4.2. DEA results 


Table 1 shows the results of the radial technical efficiency (0) 
obtained from the first DEA model proposed. The value of 0 


7 Total COz emissions exclude bioenergy emissions. 
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Fig. 3. Energy intensity and CO2 emission intensity in Swedish service industries (energy or CO3 emissions per production value or employee). 


Source: SCB (Statistics Sweden). 


Table 1 


Radial technical efficiency (0) and energy efficiency (y) from DEA model (1) and results (#) from DEA model (2) for Swedish service industries. 


Service 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Annual 

sector ave. 

0 0.654 0.536 0.720 0.762 0.669 0.775 0.729 0.735 0.737 0.750 0.691 0.776 0.746 0.802 0682 0.751 0.719 

y 0.627 0.559 0.714 0.837 0.598 0.705 0.665 0.543 0.646 0.558 0.403 0.676 0.636 0.705 0.614 0.734 0.639 

$ 0.700 0.590 0.760 0.807 0.692 0.827 0.770 0.782 0.780 0.790 0.754 0.836 0.815 0.847 0.744 0.824 0.770 
indicates the maximum proportional contraction of energy and Table 2 


non-energy inputs that could be realised without reducing out- 
put. The overall technical efficiency for Swedish service industries 
during the sample period was 0.719. Comparing across service 
industries (see Appendix A), efficiency varied across years and 
across the industries themselves. We observe that financial 
activities (65), (66), research and development (73) and 
other service activities (93) have higher technical efficiencies 
than the service industry in aggregate. Education (80), recrea- 
tional, cultural and sporting activities (92) and sewage and refuse 
disposal (90) have lower technical efficiencies. The other service 
sectors have technical efficiencies close to that overall service 
industry. 

The results of energy efficiency (y) obtained by slacks asso- 
ciated with the constraint for energy input in the first model are 
presented in Table 1 and Appendix A. The average energy 
efficiency in Swedish service industries was 0.639. Real estate 
activities (70), financial activities (65-66) and other service 
activities (93) have higher energy efficiencies on average than 
the service industry on aggregate, whereas construction (45), 
health and social work (85) and education have the lowest energy 
efficiencies according to this approach. 

The results of DEA model (2) are shown in Table 1 and 
Appendix A. The average result of this model in service industries 
is 0.770. Real estate activities (70), financial activities (65-66), 
other service activities (93) and research and development 
activities are the sectors that produce more output with less 
CO, emissions. Education (80), recreational, cultural and sporting 
activities (92) and health and social work (85) are sectors with the 
lowest efficiencies with respect to production and CO, emissions. 

The results of DEA analysis indicate that several service indus- 
tries have increased technical efficiencies and energy efficiencies 
while decreasing CO2 emissions. However, this sector has more 
potential and opportunities to improve energy efficiency and 
decrease CO emissions. The Expert Group on Energy Efficiency 
[17] indicated that industrial energy efficiency has improved at a 
rate of 1% annually in the last decades. However, several studies 
and experience demonstrate that improvements could arise at 
double this rate over the medium or long run [14,66,16]. 

Finally, to determine whether the results from DEA models are 
adequate to measure energy efficiency, the Wilcoxon test is 
applied. The test suggests that the results of the DEA models for 
energy intensity and CO emission intensity are from the 
same distribution. This result is in accordance with the null 
hypothesis, Ho. The null hypothesis in each case is that the 


The compared efficiency scores from the Wilcoxon signed ranks test. 


Pairs Wilcoxon signed 

ranks test 

Z P-value 
DEA y vs. El (Energy consumption/production value) —8.617 0.000 
DEA y vs. El (Energy consumption/employee) —15.11 0.000 
DEA w vs. CO21 (CO2 emissions/production value) —15.11 0.000 
DEA w vs. COzI (CO emissions/employee) 13.82 0.000 
DEA ọ vs. El (Energy consumption/production value) —6.158 0.000 
DEA ọ vs. EI (Energy consumption/employee) —15.11 0.000 
DEA ọ vs. COzI (COz emissions/production value) —15.11 0.000 
DEA ọ vs. COzI (CO2 emissions/employee) —12.59 0.000 


Notes: El: Energy intensity, CO2I: CO2 emission intensity. 


median of the coefficients of correlation for one treatment is 
equal to the median of the coefficients of correlation for another 
treatment. Table 2 shows the results of the Wilcoxon tests, which 
demonstrates that the DEA models used in this study are an 
adequate approach to measure energy efficiency and CO2 
emissions. 


4.3. Analysis of determinants of energy efficiency in Swedish 
service industries 


To explain the observed variation and main factors that 
determine energy efficiency across service industries, panel data 
techniques are applied according to methods explained in Section 
3.3. The results of the DEA models and energy intensity are the 
dependent variables in the various regression models. 

Table 3 depicts the results of the econometric models for 
energy efficiency from DEA models (1) and (2) and energy 
intensity based on the production value and the number of 
employees. The four estimations show similar results. The speci- 
fications of the test to determine the adequate panel data model 
indicate that for all models a random effects model is appropriate. 
The estimation of residuals with random effects shows hetero- 
scedasticity and serial correlation problems that must be cor- 
rected using MLE for random effects, which accounts for these 
problems. In general, the results illustrate that higher energy 
taxes and electricity consumption generate higher energy effi- 
ciency, while higher fossil fuel consumption decreases energy 
efficiency. 


—3.572***(0.459) 
—0.137***(0.019) 


0.836***(0.041) 
—0.064*(0.038) 


MLE 


EI (Energy/employee) 
—3.553*"(0.444) 
—0.137***(0.019) 
0.834*"*(0.041) 
—0.064*(0.038) 


Random effects 


—3.348***(0.534) 
—0.080**(0.033) 


0.475***(0.051) 
—0.083*(0.050) 


MLE 


—3.348***(0.539) 
—0.080**(0.033) 


0.475***(0.051) 
—0.083*(0.051) 


EI (Energy/production value) 


Random effects 


—0.020(0.350) 
0.087***(0.028) 
—0.069*(0.050) 


0.012(0.010) 


MLE 


EE DEA® 
Random effects 
—0.037(0.362) 
0.088***(0.028) 
—0.067*(0.051) 
0.012(0.010) 


~0.935**(0.375) 


0.092(0.159) 
—0.198(0.300) 


0.031(0.051) 


MLE 


Dependent variable 
EE DEAW 

Random effects 
—0.944**"(0.412) 
0.091(0.159) 
—0.194(0.301) 
0.032(0.055) 


Fossil fuel consumption 
Electricity consumption 
Natural gas consumption 
F-test statistic 


Energy taxes 


Variables 
Constant 


Results of the econometric model for energy efficiency (EE-DEAw and EE-DEA@) and energy intensity (EI). 


Table 3 
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Energy taxes have a positive effect on energy efficiency. In the 
service sector, these taxes include the energy tax and the CO; tax, 
which is levied on the consumption of light fuel oil. The Swedish 
energy and carbon taxation system is considered important and 
innovative because the taxes were indexed and linked to the 
consumer price index in Sweden. This design ensures a constant 
real value of the tax rates [59]. However, the impact and effects of 
these taxes have been limited in Swedish industry for three main 
reasons. First, the exemptions to the taxes on industry have 
resulted in a true taxation level of only 20% of the total energy 
and CO, taxes. For example, in 1993, the energy and CO3 tax rate 
was around 25.2 €/1000 L for industry and total tax was around 
160.1 €/1000 L; it increased to around 60 €/1000 L for industry 
and 365 €/1000 L for total tax between 2005 and 2008. Second, 
only a relatively small fraction of the energy supply to industry 
was fossil fuel-based when the taxes were applied in the 1990s. 
Third, for most industrial companies, especially service industries, 
energy costs are a relatively small fraction of total costs ( < 3%) 
and have therefore a low priority [59,33,24,45]. These facts align 
with the result that energy taxes only have a significant coeffi- 
cient in three models. 

Fossil fuel, electricity and natural gas consumption are 

included to determine the role of fuel substitution in the 
improvements of energy efficiency. They are significant and have 
opposite signs, which indicate that a decrease in fossil fuel 
consumption and an increase in electricity and natural gas 
consumption have generated improvements in energy efficiency 
in Swedish service industries. Swedish electricity generation is 
not carbon-intensive and is based largely on nuclear and hydro- 
power and on industrial and direct-heating cogeneration plants 
[63,64]. These facts demonstrate that it is possible to achieve 
energy efficiency and decrease CO, emissions through the use of 
high quality, clean fuels. 
z The results of these studies are important for designing 
g adequate energy policies to increase energy efficiency and 
D decrease CO emissions in service industries. These policies are 
important because energy consumption grew most quickly in this 
sector and have driven the increase in total energy consumption 
for the whole Swedish industrial sector. The strategies for 
significant improvements in the service industry’s energy effi- 
ciency must include access to information, energy management 
systems, improved decision-making processes, energy training for 
employees and the ability to measure and verify the achieved 
energy savings. 
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344.36 
4973.49 


0.000 Reject OLS 


5.80 
55.99 


chibar?(01)=7030.42 


0.000 Reject OLS 


chi2(5) 
0.121 Reject FE 


F(18, 282) 
LR chi?(19) 
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0.000 


F(1, 18) 
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159.37 
3877.83 


0.000 Reject OLS 


263.69 


3.55 


chibar?(01)=1664.11 


0.000 Reject OLS 


chi?(6) 
0.314 Reject FE 


LR chi?(19) 


F(18, 282) 
0.000 


0.000 
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F(1, 18) 
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= 66.64 
0.000 Reject OLS 
1.03 
0.009 


chibar?(01)=1417.45 


0.000 Reject OLS 


chi2(5) 
0.793 Reject FE 


F(18, 282) 
0.927 
304 


F(1, 18) 


0.000 


304 


5. Conclusions 


3.08 
25.07 


0.000 Reject OLS 


1.43 
0.010 


This paper analysed energy use and CO emissions in the 
Swedish service industries during the period of 1993-2007 using 
several empirical approaches, including intensity indicators, DEA 
and panel data models. The tests used in the different techniques 
applied in this study demonstrate that the methods are adequate 
to generate consistent, robust and reliable estimates in the 
analysis of energy efficiency from traditional indicators and 
DEA. Energy efficiency and CO2 emission intensity varied across 
years and across service industries. 

The results of the DEA analysis indicate that several service 
industries have increased technical efficiency and energy effi- 
ciency while decreasing CO emissions. However, this sector has 
more potential and opportunity to improve energy efficiency and 
decrease CO emissions. Regression analysis using panel data 
techniques show that higher energy taxes and electricity con- 
sumption generate higher energy efficiency, while higher fossil 
fuel consumption leads to lower energy efficiency. 


*(01) 


0.000 Reject OLS 


chi2(5) 


0.697 Reject FE 


chibar 
F(1, 18) 
0.921 
304 


F(18, 263) 
0.000 


a If Prob > chibar? < 0.05, indicate heterocedasticity. 


b If Prob > F > 0.05, indicate no serial correlation. 


*** Significant at the 1% level. 
** Significant at the 5% level 
* Significant at the 10% level. 


Prob > chibar? 


Hausman test 


Prob > chi? 
Test for heteroscedasticity* 


Prob > chi? 
Wooldridge test for autocorrelation” 


Prob >F 
No. Obs 


LM test 


Notes: Figures in the parentheses are standard errors. 


Table A1 
Radial technical efficiency (0) and energy efficiency (y) from DEA model (1) for Swedish service industries. 


Service sector 1993 1994 1995 1996 1997 1998 1999 2000 
0 y 0 y 0 y 0 y 0 y 0 y 0 y 0 y 
37-39 R&JT 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.86 
45 Cons. 1.00 1.00 0.48 0.89 1.00 1.00 1.00 1.00 0.99 0.95 1.00 1.00 1.00 1.00 0.88 0.80 
50-52 W&RT 1.00 1.00 0.53 0.32 0.75 0.77 1.00 1.00 0.87 0.66 1.00 1.00 1.00 1.00 0.90 0.48 
55H&R 0.73 0.02 0.51 0.17 0.62 0.54 0.82 0.99 0.76 0.33 1.00 1.00 1.00 0.10 0.76 0.10 
64 P&T 0.63 0.32 0.46 0.47 0.52 0.28 0.62 0.87 0.57 0.51 0.67 0.52 0.70 0.97 0.56 0.10 
65 Bank 1.00 1.00 0.93 0.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
66 I&PF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.90 0.90 1.00 1.00 1.00 1.00 0.90 0.89 
67 OFA 0.51 0.26 0.51 0.25 0.57 0.57 0.67 0.66 0.63 0.33 0.65 0.45 0.72 0.40 0.70 0.37 
70 REA 1.00 1.00 0.55 0.71 0.70 0.70 1.00 1.00 0.89 0.36 1.00 1.00 1.00 1.00 0.80 0.56 
71 RM&E 0.48 0.72 0.46 0.53 0.51 0.91 0.66 0.86 0.53 0.58 0.58 0.30 0.62 0.20 0.53 0.18 
72 Comp. 0.50 0.96 0.50 0.35 0.86 0.86 0.84 0.83 0.65 0.46 0.72 0.13 0.75 0.43 0.74 0.92 
73 R&D 1.00 1.00 0.96 0.10 1.00 1.00 0.97 0.96 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
74-75 OBA 0.74 0.58 0.40 0.35 1.00 1.00 1.00 1.00 0.76 0.58 1.00 1.00 0.88 0.20 1.00 1.00 
80 Educ. 0.10 0.24 0.10 0.15 0.21 0.48 0.16 0.77 0.10 0.10 0.13 0.48 0.14 0.10 0.24 0.84 
85H&SW 0.24 0.40 0.24 0.78 0.59 0.13 0.47 0.22 0.31 0.99 0.39 0.37 0.28 0.83 0.66 0.22 
90 S&RD 0.39 0.64 0.38 0.55 0.47 0.46 0.45 0.88 0.37 0.26 0.41 0.75 0.41 0.99 0.54 0.19 
91 MO 0.22 0.51 0.27 0.75 0.50 0.40 0.42 0.42 0.35 0.10 0.34 0.10 0.24 0.56 0.28 0.47 
92 RC&SA 0.29 0.23 0.31 0.59 0.56 0.56 0.50 0.49 0.37 0.64 0.83 0.28 0.41 0.55 0.61 0.16 
93 OSA 0.62 0.10 0.61 0.71 0.90 0.90 0.90 0.90 0.67 0.67 1.00 1.00 0.72 0.30 0.94 0.26 
Service sector 2001 2002 2003 2004 2005 2006 2007 2008 Ave. 
0 y 0 Y 0 y 0 y 0 y 0 y 0 y 0 y 0 y 

37-39 R&JT 1.00 1.00 0.89 0.63 0.84 0.10 1.00 1.00 1.00 1.00 1.00 1.00 0.78 0.80 0.61 0.49 0.94 0.86 
45 Cons. 1.00 1.00 0.81 0.14 0.96 0.95 1.00 1.00 0.95 0.17 1.00 1.00 1.00 1.00 0.78 0.53 0.93 0.84 
50-52 W&RT 1.00 1.00 0.92 0.74 0.84 0.41 1.00 1.00 0.94 0.95 1.00 1.00 1.00 1.00 1.00 1.00 0.92 0.83 
55H&R 1.00 1.00 0.67 0.24 1.00 1.00 1.00 1.00 0.87 0.30 0.91 0.70 0.96 0.65 0.89 0.29 0.84 0.52 
64 P&T 0.65 0.42 0.60 0.35 0.53 0.10 0.89 0.50 0.57 0.98 0.70 0.51 0.92 0.21 0.93 0.64 0.66 0.48 
65 Bank 1.00 1.00 1.00 1.00 0.92 0.13 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 0.94 
66 I&PF 0.92 0.32 1.00 1.00 0.81 0.45 0.86 0.65 0.92 0.92 0.90 0.10 0.78 0.55 1.00 1.00 0.94 0.79 
67 OFA 0.80 0.73 0.81 0.11 0.71 0.46 0.71 0.91 0.71 0.76 0.74 0.10 0.48 0.93 0.37 0.95 0.64 0.51 
70 REA 0.85 0.10 1.00 1.00 0.72 0.51 1.00 1.00 0.72 0.10 1.00 1.00 0.61 0.54 1.00 1.00 0.87 0.72 
71 RM&E 0.79 0.44 0.85 0.52 0.78 0.10 0.83 0.10 0.78 0.75 0.87 0.27 0.27 0.10 0.34 0.50 0.62 0.43 
72 Comp. 0.78 0.91 0.84 0.10 0.78 0.34 0.88 0.56 0.85 0.55 1.00 1.00 0.88 0.94 1.00 1.00 0.79 0.64 
73 R&D 0.76 0.22 1.00 1.00 0.73 0.40 1.00 0.22 0.84 0.51 1.00 1.00 1.00 1.00 1.00 1.00 0.95 0.77 
74-75 OBA 0.82 0.69 1.00 1.00 0.85 0.25 0.95 0.84 0.97 0.74 1.00 1.00 0.81 0.50 1.00 1.00 0.89 0.73 
80 Educ. 0.11 0.30 0.12 0.33 0.13 0.17 0.14 0.79 0.21 0.24 0.25 0.61 0.19 0.10 0.27 0.21 0.16 0.36 
85H&SW 0.27 0.25 0.42 0.20 0.32 0.31 0.33 0.47 0.52 0.92 0.54 0.31 0.38 0.14 0.51 0.29 0.41 0.43 
90 S&RD 0.60 0.49 0.63 0.47 0.59 0.73 0.57 0.36 0.60 0.63 0.61 0.74 0.38 0.63 0.36 0.14 0.48 0.56 
91 MO 0.20 0.81 0.22 0.43 0.19 0.23 0.18 0.10 0.19 0.14 0.18 0.22 0.18 0.20 0.21 0.88 0.25 0.39 
92 RC&SA 0.44 0.66 0.47 0.43 0.42 0.26 0.42 0.89 0.53 0.46 0.54 0.95 0.39 0.70 1.00 1.00 0.51 0.55 
93 OSA 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.54 1.00 1.00 1.00 1.00 0.95 0.79 1.00 1.00 0.84 0.76 


Note: R&JT: 37-39 Recycling and Job training; Cons.: 45 Construction; W&RT: 50-52 Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods; H&R: 55 Hotels and restaurants; P&T: 64 
Post and telecommunications; Bank: 65 Banking; I&PF: 66 Insurance and pension funding; OFA: 67 Other financial activities; REA: 70 Real estate activities; RM&E: 71: Renting of machinery and equipment; Comp.: 72 Computer 
and related activities; R&D: 73 Research and development; OBA: 74-75: Other business activities and public administration; Educ.: 80 Education; H&SW: 85 Health and social work; S&RD: 90 Sewage and refuse disposal; MO: 91 
Membership organizations; RC&SA: 92 Recreational, cultural and sporting activities; OSA: 93 Other service activities. 
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Table A2 
Results from DEA model (2) for Swedish service industries. 
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Service 1993 @ 1994 1995 1996 1997 1998 1999 2000¢ 2001 2002 2003 2004¢ 2005 2006 2007 2008 @ Aver. p 
sector 

37-39 R&T 100 100 100 100 100 1.00 100 092 100 089 O88 100 100 100 089 100 097 
45 Cons. 1.00 048 100 100 099 100 100 088 100 081 096 100 095 100 100 078 0.93 
50-52 W&RT 1.00 053 0.75 100 087 1.00 100 090 100 092 084 100 094 100 100 100 092 
55H&R 0.73 O51 062 O82 0.76 100 100 076 100 067 100 100 087 091 O97 089 0.84 
64 P&T 0.63 046 052 O62 057 O67 O70 056 065 060 053 O89 O57 0.70 092 093 066 
65 Bank 1.00 093 100 100 1.00 100 100 100 100 100 092 1.00 100 100 100 1.00 099 
66 I&PF 1.00 100 100 100 090 100 100 090 092 100 084 087 094 090 078 1.00 094 
67 OFA 1.00 099 073 100 084 100 100 094 100 100 094 100 100 100 100 073 095 
70 REA 1.00 055 O70 100 089 100 100 080 085 100 072 100 072 100 061 1.00 086 
71 RM&E 048 046 O51 O66 053 O58 062 053 O79 085 0.78 083 0.78 O87 027 034 062 
72 Comp. 050 O50 O88 085 O65 O72 O75 0.74 O78 084 0.78 O88 085 100 088 100 079 
73 R&D 1.00 096 100 100 1.00 100 100 100 100 100 100 1.00 100 100 100 1.00 099 
74-75 OBA 0.74 040 100 100 076 100 0.88 100 082 1.00 085 095 097 41.00 081 100 089 
80 Educ. 0.11 O10 0.26 020 O10 O16 014 O28 O11 014 013 O15 023 028 019 029 0.17 
85H&SW 0.24 024 063 O50 031 039 O28 068 027 042 032 033 O53 0.54 038 051 04 
90 S&RD 0.39 O38 O47 045 037 O41 O41 054 060 063 059 057 O60 061 038 036 048 
91 MO 058 O81 086 O81 059 O77 073 O86 058 O77 42083 100 100 074 0.70 084 078 
92 RC&SA 0.29 031 O60 052 037 100 041 O63 044 O47 042 042 053 054 039 100 052 
93 OSA 062 O61 O90 090 O67 100 072 094 100 100 1.00 100 100 100 095 100 089 


Note: R&JT: 37-39 Recycling and Job training; Cons.: 45 Construction; W&RT: 50-52 Wholesale and retail trade; repair of motor vehicles. motorcycles and personal and 
household goods; H&R: 55 Hotels and restaurants; P&T: 64 Post and telecommunications; Bank: 65 Banking; I&PF: 66 Insurance and pension funding; OFA: 67 Other 
financial activities; REA: 70 Real estate activities; RM&E: 71: Renting of machinery and equipment; Comp.: 72 Computer and related activities; R&D: 73 Research and 
development; OBA: 74-75: Other business activities and public administration; Educ.: 80 Education; H&SW: 85 Health and social work; S&RD: 90 Sewage and refuse 
disposal; MO: 91 Membership organizations; RC&SA: 92 Recreational. cultural and sporting activities; OSA: 93 Other service activities. 


The results of these studies are important for better under- 
standing the trends behind present industrial development, and 
for designing adequate energy policies to increase energy effi- 
ciency and reduce CO, emissions in service industries. Energy 
consumption has grown quickly in this sector and has driven the 
increase in total energy consumption for the whole Swedish 
industrial sector. The strategies for significant improvements in 
the service industry’s energy efficiency must include access to 
information, energy management systems, improved decision- 
making processes, energy training for employees and appropriate 
methods to measure and verify the achieved energy savings. 
Further research is necessary for better understanding the bar- 
riers to adoption of energy efficient technologies, good practices 
and energy management systems in the service sector. Promoting 
energy efficiency improvements in the service sector is key to 
avoiding an inefficient growth path in a sector that is increasingly 
important for the country’s welfare. 
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Appendix A 
See Tables A1 and A2. 
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